The main scope of this project was to identify a novel induction method to improve the effectiveness of biological fertilizers for organic farmers. To eliminate additional variables the plants were not treated with chemical or biological pesticides. The biological fertilizer used in this study was induced with co-factors and ethylene under specific conditions. Ethylene induced the soil to release acetonitrile, a component of indole-3-acetonitrile a precursor to the plant hormone indole-3-acetic acid (IAA). It is known that plant growth promoting bacteria can produce IAA and directly/ indirectly modify plant development and growth.
INTRODUCTION:
1
Background

2
The US domestic farming industry is a $618 billion dollar business, with crop productivity 3 dependent on the early planting techniques utilized by the farmer, including the inclusion of 4 chemical fertilizers, (Johnson, 2014) . Chemical or commercial fertilizers (CF) are effective tools 5 to increase soluble nitrogen (N) and phosphorus (P) components in depleted soil, plants sequester 6 the compounds to increase crop yields, quantity, and quality, (Al-Busaidi, 2013) . Unfortunately, 7 CFs are expensive and if used improperly can have negative effects on the surrounding 8 ecosystem, by decreasing biological diversity, prompting run-offs and algae blooms, 9 acidification of soil, and ozone pollution, (Aggani, 2013; Ribaudo et al., 2011) . High cost and 10 adverse effects of CFs has forced large-scale farmers to consider alternative fertilizer treatments 11 including organic fertilizers (i.e. manure or compost) and/or biological fertilizers. Organic 12 fertilizers (OF) are all natural, environmentally friendly, naturally correct soil pH, and are cost 13 effective, but OFs are messy, not readily available, and take longer time to provide visible 14 benefits to crop yield and quality. BFs are typically cost effective, improve soil quality, and 15 increase crop yields by 20-30%, but BFs are may require specialized storage, provide slower 16 benefits compared CFs, and may require different equipment for application, (Aggani et al., 17 2013; Banayo et al., 2012; Ishfani, 2012; Ribaudo et al., 2011 indirectly affect plant growth and/or development, (Arshad et al., 2007; DeBont and Albers, 24 1976; Miller et al., 1987; Vandeputte et al., 2005 A study conducted by Flematti et al., 2011, suggest vegetation release increased 33 concentrations of cyanohydrins during forest fires, the cyanohydrins undergo an abiotic reaction 34 in water releasing cyanide into the soil to stimulate seed germination, (Downes et al., 2013; 35 Flematti et al., 2011; Nelson et al., 2012) . A competing study conducted by Abeles, 2012, 36 suggests vegetation release large portions of hydrocarbons such as ethylene during forest fires as 37 a pollutant, (Abeles, 2012; Boubel et al., 1994; Brust, 2009) . 
Soil Collection
48
Based on a study conducted by Elsgaard, soil was collected from the base of fruit bearing 49 plants Pyrus communis, Solanum melongen, and Prunus persica, the garden soil and store bought 50 peat soil was mixed in a 1:1:1:1 ratio, (Elsgaard, 1998; Elsgaard & Anderson, 1998) . Leaves, 51 rocks, plant rooting systems, and nematodes/ insects were all subsequently removed from the soil 
Garden Preparation
58
Untilled land measuring 12x6 ft was cleaned and tilled for gardening, initial pH 6-8, and 59 normal levels of N and P were present in the soil, (Mosser Lee, Soil Master Soil Testing Kit,
60
Millstone, Wiscosin) .The garden as divided into three rows, the rows were separate by 3 ft on 61 either side. 
Data Analysis and Observations
71
Data analysis was used to understand the effect of EIBF on the early stages of plant 72 development and root development in response to external stresses, (Harry et al. 1999 Pisum sativum L (green pea plants) were harvested 1-3 weeks before complete maturity due to 77 seasonal changes, (Frame, 2014) . 250°C. Mass-to-charge ratios (m/z values) from 10 to 400 were monitored using the scan mode.
For each of the samples, a set of target components was identified with the aid of AMDIS 94 software. The components were identified using the NIST mass spectral library. 
125
Visual Comparison of Plant Development
126
Pea plants were analyzed bi-weekly, four to eight plants were sacrificed to record 127 phenotypic changes root, stem, and leaf area growth using a digital camera (Sony "Cyber Shot', In conclusion, ethylene plays a significant role in the desired plant growth promoting effects of 154 PGPR. The GC-MS analysis determined that soil samples exposed to the ethylene, nitrogen, and a heavy 155 metal, released acetonitrile into the head space of test vials, acetonitrile is a component of indole-3-156
acetonitrile. 157
It is still unclear how ethylene affects the production of acetonitrile, but there are currently three 158 known pathways that are used by both plants and microbes to biosynthesize IAN. Pathway (1) (Gutierrez et al., 2009; Kobayashi et al., 1995; Schneider & Wightman, 162 1978; Sembdner et al., 165 1980; Vegan-Hernandez et al., 2002; Woong et al., 2003) . Ethylene may 163 affect a positive feedback system that promotes increased indoleacetaldoxime dehydratase (IAOx), nitrile 164 hydratase (NHase), and/or nitrilase activity within the microbial cell, (Perry 2011) . The nitrile is 165 potentially released into the soil, where it undergoes an abiotic reaction releasing free cyanide into the soil 166 to induce seed germination and plant growth. The non-induced soil samples did not contain the nitrile 167 compounds, and displayed a reduction in plant growth and development. The shortened rooting system of 168 green pea plants grown in the induced biological fertilizer may be linked to the fertilizers ability to 169 maintain moisture. The plants did not need an expansive rooting system to obtain adequate water and 170 nutrients for growth. 171
172
This study has global impacts and will be an important study for international organic farmers. 173
This induction method can produce a bio-fertilizer than can improve soil quality within 4 weeks of 174 application. If the induction method can improve PGPR ability to enhance plant growth similar to 175 synthetic fertilizers, it may encourage more farmers to practice organic farming techniques. Additional 176 research to understand the mechanism may lead to optimization techniques for specific plant traits such as 177 longer roots or robust fibrous systems to combat high stress conditions such as dry climate areas, (Pace et 178 al., 1999 
